providing valuable information only after radicle emergence, whereas mitochondrial respiration via alternative oxidase was useful for the early detection of salt responses.
Introduction
Salinity is among the abiotic stress factors that most severely limit plant growth and crop productivity [1] . More than 800 million ha of land worldwide are salt-affected, amounting to more than 6% of total land area [2] . Salinity affects almost all aspects of plant development including germination, vegetative growth, and reproductive development [1, 3] . Crop plants show considerable variation in their tolerance to salinity, as reflected in their differential growth response under salt stress conditions [4] .
Salt tolerance is usually assessed as percent biomass production under saline relative to control conditions over a prolonged period of time, or in terms of yield [5] . Most often, screening based on scoring of agronomic parameters is difficult under field conditions because of constraints of space, soil heterogeneity, and seasonal variation, and hence it is desirable to perform screening under controlled conditions [6] . Although salt stress affects all growth stages, seed germination and seedling growth stages are more sensitive. Seed germination is a complex process beginning with water uptake, proceeding through imbibition, and terminating with radicle emergence, with an intermediate, highly active metabolic stage of embryo expansion [7, 8] . Seedling establishment occurs following germination, and seedling growth is initially supported by mobilization of reserve food materials of the seed [8] . In Brassica, seed germination under salinity can be classified into seed germination, seedling establishment, and stress adaptation, occurring in the time frames of 24 h (seed germination), 48 h (seedling establishment), and 72 h (stress adaptation). Although assessment of seed germination response under salinity based on comparative physiological and biochemical analyses requires a minimum period of 24 h, it is proposed that differences in the respiration of germinating seeds precede differences in seedling growth [9] . Accordingly, mitochondrial respiration, as one of the earliest events occurring during seed imbibition, may be a suitable target for tracing the earliest response under salt stress even before germination is visible.
Formation of mitochondrial reactive oxygen species (mtROS) takes place under normal respiratory conditions and which becomes intensified under various abiotic stresses [10] . Plant mitochondria control reactive oxygen species (ROS) generation by means of energy-dissipating systems under control conditions [11] . Alternative oxidase (AOX) is a central component of the non-phosphorylating alternative respiratory pathway in plants and is important for mitochondrial function during environmental stresses [12] . The active involvement of mitochondrial respiration via the AOX pathway under salt stress has been demonstrated in several plant species including Arabidopsis [13] , pea [14] , and tobacco [15] . The dynamic and robust behavior of AOX under salinity [14] makes it a suitable candidate for studying the salt response in imbibed seeds.
Salt tolerance is governed by various mechanisms at the cellular, tissue, organ, or whole plant levels. Plants adopt various strategies for adaptation for their survival, including change in root and shoot length, accumulation of osmolytes, and maintenance of K + /Na + ratio. A close correlation has also been observed between salinity-mediated delay in cotyledon emergence [16] and decrease in chlorophyll content [17] . It has also been suggested that salt tolerance in Brassica and related species might be accurately accessed on the basis of germination rate, root length, shoot length, and seedling fresh weight (FW) as compared to that of control [18] . Na + and K + homeostasis are crucial for plant growth and development, favored by low cytosolic Na + and high cytosolic K + . The influx and efflux of Na + and K + across membranes require the function of transmembrane Na + and K + transporters or channels [19] . NHX (sodium/proton antiporter) and HKT (high-affinity potassium transporter) mediate the maintenance of cytosolic Na + and K + homeostasis. The endogenous abscisic acid (ABA)
level also plays an important role in controlling seed germination and seedling establishment [20] as well as stress adaptation of the plant [21] . The Arabidopsis aldehyde oxidase 3 (AAO-3) catalyzes the final step of ABA biosynthesis, regulating ABA level in Arabidopsis seeds as well as in leaves [22] , so that quantification of AAO-3 expression may provide information about salinitymediated response in germinating seeds. Thus, stress-mediated change in gene expression is a prerequisite for the adaptive response [23] and may be a useful indicator of salt tolerance.
In the present study, we considered physiological and biochemical attributes relevant to salt stress responses with an emphasis on the earliest possible quantitative measure, investigating salt responses in Indian mustard (Brassica juncea L.). This study could lead to better understanding of the differences between mere responses and adaptations to salt stress in B. juncea at the early germination stage, and help to correlate the assessed parameters with salt response in different physiological phases of seed germination and seedling growth. Such information about differential responses over time may be useful for identifying phase-specific critical parameter(s) for screening Brassica germplasm.
Materials and methods

Plant material, growth conditions, and treatments
The study was performed in Indian mustard var. Pusa Bold. Seeds were surface sterilized with 30% ethanol for 3 min, followed by thorough washing with double-distilled water to remove traces of ethanol. The seeds were soaked in distilled water for 6 h and equal numbers (20 seeds) were sown in plastic Petri dishes (9 cm diameter) and allowed to germinate at room temperature (25 ± 2°C) on a thin layer of cotton covered with Whatman grade 3 paper. Dishes were irrigated with 20 mL of solutions of 0, 50, 75, 100, 125, 150, 175, and 200 mmol L −1 NaCl in ½ MS nutrient medium. The Petri dishes (base and lid) were closed to avoid drying due to evaporation. After 48 h of germination in the dark, the seeds were moved to a light chamber for normal growth under continuous illumi-
). Germinating seeds and seedlings were harvested at 24, 48, and 72 h, washed thoroughly, and subjected to biochemical analysis. Mitochondrial respiration was measured with 6 h soaked seeds subjected to 12 h of stress treatment (of a total germination period of 18 h).
Germination and growth attributes
For a germination kinetics study, radicle emergence was monitored. The rate of seed germination was recorded every 1 h starting from 12 h after seed imbibition and continued until germination completion under control conditions. The rate of germination and opening of cotyledons was estimated in terms of Timson's index, following Patade et al. [16] . Timson's index =∑(G/t), where G is germination percentage and t is total period of germination. Seedling vigor index (SVI) was calculated following Abdul-Baki and Anderson [24] : SVI = germination percentage x (mean shoot length + mean root length). Growth parameters including root length, shoot length, FW, and chlorophyll content were measured only after 72 h of germination under salt stress. For the measurement of FW, the seedlings of representative Petri plates containing 20 seedlings were taken out, combined, blotted dry, and weighed. The final calculation was given as FW per seedling.
Estimation of chlorophyll content
After 72 h of stress treatment, cotyledons were harvested and extracted with 80% of chilled acetone. After centrifugation, the supernatant was assayed for chlorophyll a (Chl-a), chlorophyll-b (Chl-b) and (xanthophylls + carotenoids) content following Lichtenthaler et al. [25] .
2.4. Estimation of osmolytes (proline, glycinebetaine, and total soluble sugars)
Proline concentration was determined following Bates et al. [26] , in which 100 mg of root and shoot tissue, ground in a mortar with liquid nitrogen, was mixed with 1 mL aqueous sulfosalicylic acid (3%, w/v) and centrifuged at 10,000×g for 10 min. The supernatant 1 mL was reacted with an equal volume of glacial acetic acid and ninhydrin reagent (1.25 g of ninhydrin, 30 mL of glacial acetic acid, and 20 mL of 6 mol L −1 H 3 PO 4 ) and incubated for 1 h at 100°C in boiling water. The reaction was terminated by placing the reaction tubes in an ice bath. The reaction mixture was vigorously mixed with 2 mL toluene and the chromatophore-containing toluene was aspirated from the aqueous phase and absorbance determined photometrically at 520 nm using toluene as blank.
Glycinebetaine was quantified following Grieve et al. [27] . Powdered plant material (0.5 g) was shaken with 20 mL of deionized water for 16 h at 25°C. The samples were filtered and then extracts were diluted with 2 mol L −1 H 2 SO 4 . Aliquot of 0.5 mL was taken in a test tube, cooled in ice water for 1 h. Cold KI reagent (0.2 mL) was added and the mixture was gently mixed and then centrifuged at 10,000× g for 15 min at 8°C. The periodide crystals were dissolved in 9 mL of dichloroethane and after 2 h, the absorbance was measured at 365 nm with a UV-visible spectrophotometer. Soluble sugars were measured following Watanabe et al. [28] . Briefly, 0.1 g of root and shoot tissue were homogenized with 10 mL of 80% ethanol. The samples were centrifuged at 10,000×g for 10 min and 1 mL of the supernatant was mixed with 3 mL anthrone reagent (150 mg anthrone, 100 mL of 72% w/w). The samples were placed in a boiling water bath for 15 min, followed by cooling on ice to stop the reaction, and absorption was measured at 625 nm. Soluble sugar contents were determined using a glucose standard and expressed as mg g −1 FW.
Quantification of malondialdehyde content
Malondialdehyde (MDA) content was estimated by quantification of thiobarbituric acid reactive substance, following Dhindsa et al. [29] . Plant material (100 mg) ground in liquid nitrogen was extracted in 1 mL of 0.1% trichloroacetic acid (TCA). After centrifugation at 12,000× g for 10 min, 0.5 mL of the supernatant was mixed with 0.5 mL of a solution containing 0.5% of thiobarbituric acid (TBA) in 20% TCA. The mixture was moved to a boiling water bath and incubated for 20 min, followed by rapid chilling on ice to stop the reaction.
The content was allowed to warm to room temperature, and 
Design of primers and optimization of concentration
All the primers used for the SyBr green real-time RT-PCR were obtained from the Arabidopsis thaliana RT-PCR primer pair database [30] . Primers were obtained from Metabion International (Germany; http://www.metabion.com/), and the sequences used were NHX-for (5′-GGAATGGATGCCTTGGACATTGAC-3′) and NHX-rev (5′-CGGCCCTTGTAAACTTGTTGTATGC-3′); HKT-for (5′-TGGACTCATCGTGTCACAACTTTCC-3′) and HKT-rev (5′-TGCA AACCCATAACTCGCGTCT-3′); AAO3-for (5′-TGTCTTGGCATTCAA GAGCATAACG-3′) and AAO3-rev (5′-TTCCTCAGCGGACCCATTA TATTCC-3′). Sequence analysis of RT-PCR amplicons derived from B. juncea was performed to confirm the specificity of all of the primers. Optimal primer concentrations for target and reference genes were determined with serial dilutions of cDNA obtained from 1 μg of RNA isolated from B. juncea seedlings. For all the genes analyzed, 1 pmol of the primer was used in 20 μL of PCR mix.
Real-time quantitative RT-PCR
DNA-free intact RNA (1 μg) was subjected to cDNA synthesis using a Stratagene high-fidelity first-strand cDNA synthesis kit, following the manufacturer's instructions (http://www. stratagene.com/). To minimize potential effects on the efficiency of synthesis during the reverse transcription reaction, three separate cDNA syntheses were performed and pooled for each RNA preparation. The cDNAs were then stored at −20°C until used for real-time PCR. Two-step RT-PCR was chosen in order to avoid primer dimer formation, which is associated with one-step RT-PCR. The oligo(dT) primer was used for cDNA synthesis so that the same cDNA pool could be used for analysis of all the genes. Real-time quantitative RT-PCR was performed using a Corbett Research Rotor-Gene 3000 following Srivastava et al. [31] . The A. thaliana actin gene was used for gene expression normalization, having the sequences ACT-for (5′-CTCCTGCCATG TATGTCGCTATCC-3′) and ACT-rev 5′-AAGGTCCAA ACGCAGAA TAGCATGT-3′). Before its use as a reference gene, it was verified that the level remained unchanged under all the given treatments [32] . The PCR efficiency of the reference and target genes was also checked and found to be approximately equal in a range of 1.96-1.99. Real-time RT-PCR products were detected with a SyBr Green 2X Master Mix kit (S 4320, Sigma), following the manufacturer's instructions. The quantity of cDNA used as a template for PCR was 2 μg. The PCR cycling conditions comprised an initial cycle at 50°C for 2 min followed by one cycle at 95°C for 10 min and 40 cycles each at 95°C for 30 s, 55°C for 45 s, and 72°C for 30 s, with slight modification for some of the genes. For each sample, reactions were performed in triplicate to ensure the reproducibility of the results.
Data analysis
At the end of each PCR run, a melting curve was generated and analyzed with the dissociation curve software built into the Corbett rotor gene 3000. A melting curve depends on the GC/AT ratio and the overall length of the amplicon. This analysis allowed distinction of products from one another and identification of primer dimers or other erroneous dsDNA, as described by Ririe et al. [33] . A relative expression ratio plot was generated using the software REST-MCS Pfaffl et al. [34] . Cycle threshold (Ct) values were calculated for target/reference genes for each treatment and respective control, and a relative expression ratio plot was generated with REST-MCS. For both up-and down regulation, a 1.2-fold change was set as the cutoff for declaring significant changes in expression.
Estimation of Na + and K +
At the end of 72 h of stress imposition, the seedlings were washed thoroughly in cold water containing 5 mmol L −1 CaCl 2 .
The seedlings were dried at 70°C to constant weight. About 10 mg of dried sample was weighed and subjected to overnight acid digestion with concentrated HNO 3 . The digested samples were evaporated to dryness at 140°C in a fume hood and the volume was made to 2 mL with double-distilled water. Using suitable dilutions, the Na + and K + concentrations were quantified with a flame photometer (Labtronics Microcontroller Flame Photometer, LT 671). Standard solutions of KCl and NaCl ranging from 1 to 100 mg L −1 were used for standardization. The final concentration of the ions was calculated in μg g −1 of dry weight.
Respiration measurement
Respiration measurement of the 6-h imbibed seeds subjected to an additional 12 h of salt treatment treatments was performed using a Clark-type O 2 electrode (Model DW2, Hansatech Ltd., King's Lynn, UK). The mitochondrial respiration was monitored following Podgorska et al. [35] , with some modifications. Briefly, five seeds per treatments were taken and incubated separately in 1 mL of reaction medium containing 0.45 mol L −1 mannitol, . Respiration was measured in the dark for 5 min and the rate of O 2 consumption was monitored using the Clark-type electrode.
Statistical analysis
The experiments were performed as a randomized block design. One-way analysis of variance (ANOVA) was performed to calculate the variance between and within test groups (variability) and statistical significance, i.e. estimates and hypothesis tests (validity) of the data followed by post hoc Duncan multiple range test (DMRT) using SPSS software (SPSS 10.0) to determine significant differences. Regression analysis was also performed for the data and time points with respect to change in NaCl concentrations.
Results
Effect of salt stress on seed germination, plant growth, and photosynthetic parameters
In the present study, Brassica seeds were exposed to a range of Combining both these parameters, the ratio of root to shoot length showed a greater correlation (Fig. 1D , R 2 = 0.845) than that of root length alone. The rate of germination and the seedling growth parameter were combined to give SVI. SVI showed a decreasing linear trend ( Chl-a (Fig. 2C , R 2 = 0.878). The level of accessory pigments followed the same pattern of decrease, correlating well with increasing salt concentrations (Fig. 2D , R 2 = 0.831).
Although the results showed a time-dependent increase in MDA content, no correlation was observed (Fig. 3A) . The MDA content for all the time periods assessed showed an increasing trend up to 100 mmol L −1 followed by a decline with increasing NaCl concentrations.
Osmolyte accumulation
Osmolyte accumulation showed a stage-dependent increase and maximum correlation was observed after 48 h of stress treatment (Fig. 3) . Although proline showed a linear correlation at 48 h for all the salt concentrations (Fig. 3B ), glycinebetaine showed (Fig. 3C ) a linear trend only at higher salt concentration (100 mmol L −1 and above), and no significant change was observed at lower concentrations. Total soluble sugars content showed minimum change, especially for the time period up to 48 h (Fig. 3D) 
Mitochondrial respiration
Respiration was measured to investigate the involvement of the cytochrome C-oxidase (COX) and alternative oxidase (AOX) pathways of mitochondrial respiration in germinating seeds under salinity stress (Fig. 4) . Initially, mitochondrial respiration by COX increased 1.7-fold in 50 mmol L − 1 and 75 mmol L −1 NaCl, followed by a decline in O 2 consumption before reverting to normal values at higher NaCl concentrations (Fig. 4A) . In contrast, mitochondrial respiration by the AOX pathway increased to 150 mmol L −1 NaCl. At higher salt concentration, AOX activity decreased 0.7-fold (175 mmol L −1 NaCl) and 0.6-fold (200 mmol L −1 NaCl) of the control value. The ratio AOX/COX (Fig. 4B) followed the same trend as AOX, setting the upper range for salt tolerance as 150 mmol L −1 NaCl.
Expression profiling of genes
Results of the gene expression study (Table 2) showed that although no significant change in the transcript level of NHX was observed for the seed germination phase (24 h), an increase in NHX transcript was pronounced at the seedling establishment phase (48 h), with a significant 1.5-fold increase at 100-150 mmol L −1 NaCl. A large increase in NHX was observed in seedlings in the stress adaptation phase (72 h, with a threefold increase in NHX transcripts even at 50 mmol L −1 NaCl, and NHX remained upregulated up to 175 mmol L − 1 NaCl. A consistent increase in HKT expression was observed with maximum gains of five-fold and six-fold under 125 mmol L −1 NaCl at 24 h and 48 h, respectively.
However, at 72 h, the expression of HKT was decreased relative to the control. For AAO-3, an increase in transcriptional activation was observed under higher salt concentration, 125 mmol L − 1 and above, for the 24-and 48-h samples. Transcriptional activation of AAO-3 in the stress adaptation phase (72 h) showed a reverse trend, showing a significant increase in transcriptional activation at 50-150 mmol L −1 NaCl followed by a sharp decline.
Discussion
Germination and early seedling growth are regarded as indicators of salt stress, as they are directly affected by salinity stress. These two important factors together form a basis for germplasm categorization into tolerant and sensitive types [36] . Rapid germination and vigorous seedling growth raise the salinity resistance barrier of the plant; thereby playing a crucial role in maintaining plant growth and yield potential [37] . As a rapid, less laborious and inexpensive method, screening for salinity tolerance at germination and seedling stages is much preferable to that in mature growth stages [38] . Considering the time period to gain that early response to salinity is crucial for plants to defend, we assessed the response of Indian mustard by growth parameters including germination kinetics, root length, shoot length, and FW. The results showed that salt stress had a negative effect on seed germination rate. There was a strong negative correlation between radicle emergence and concentration of NaCl (Fig. 1A) . Excessive salt in the root zone leads to a decrease in root osmotic potential and thereby limits water absorption capability. As a consequence of limited water uptake by germinating seeds, a restriction is imposed on embryo expansion and seedling emergence [30] . Similar observations made in previous study also suggested that salt stress has an inhibitory effect on germination percentage, seedling emergence percentage, and seedling growth [39] . Values are means ± SD of three biological replicates. The experiment was repeated twice to check its reproducibility. Letters following means are based on the LSD value from SPSS software (DMRT, P < 0.05).
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Embryonic tissue differentiation into root and shoot will take place only after completion of germination in the seedling establishment phase (48 h). The root and shoot provide an effective channel for the movement of water from soil to the whole plant, and thus root and shoot length (Fig. 1C, D) offer an important clue to the response of plants to salt stress. Previous studies have shown a differential sensitivity of root and shoot under salt stress [5, 40] . Consequently, study of salt stress in Brassica species has found a decrease in the shoot/root ratio [41] . The results of our study indicated that shoot expansion is more sensitive to salinity than is radicle/root length in Brassica. A linear decrease in shoot length was observed under salt stress even at a very low salt concentration corresponding to 23% (50 mmol L −1 NaCl), 26% (75 mmol L − 1 NaCl), and 35% (100 mmol L −1 NaCl). The initial reduction in shoot growth is probably due to hormonal signals generated by the roots [5] , along with ion toxicity under long exposure. Earlier seedling establishment is a consequence of improved germination kinetics and tissue differentiation, which regulate biomass accumulation efficiency in emerging seedlings [42] . Gain in FW may be considered as the final outcome of these integrated processes and shows a linear decrease under salinity. In our study, a strong negative correlation was observed for physiological growth attributes such as GI (0.952), FW (0.980), seedling shoot length (0.982), and cotyledon emergence (0.919) with increasing salt concentration. Prediction of the salt-response behavior of the plant on the basis of these parameters was time-consuming, as these parameters can be scored only during seedling establishment or later.
Photosynthesis in cotyledons is a prerequisite for the survival of the early seedling and appearance of the first true leaf [43] . The depressive effect of salt stress on photosynthetic pigments [44] may also be accounted by quantifying the development of photosynthetic pigments under light exposure. In the present study, the effect of salt over cotyledon emergence and photosynthetic pigment development was studied. The variation in cotyledon expansion may be due to excessive deposition in seed tissues of Na + and Cl − ions, which compromise germination metabolism by affecting mobilization of mineral and organic reserves. The reduction in chlorophyll content is mainly due to the formation of A B Fig. 4 -The relative contribution of mitochondrial respiration (A) via cytochrome C-oxidase (COX) and alternative oxidase (AOX) and AOX/COX ratio (B) were measured in imbibed seeds, following 12 h of salinity salt stress under various NaCl concentrations. Values are means ± SD of three biological replicates. The experiment was repeated twice to check its reproducibility. Letters on bars are based on LSD values from SPSS software (DMRT, P < 0.05). proteolytic enzymes such as chlorophyllase, which is responsible for chlorophyll degradation and/or damaging the photosynthetic apparatus. The development of the chlorophyll content in cotyledons is a kind of adaptive response to salt stress, and requires a minimum of 44-72 h for cotyledon leaf emergence or photosynthetic pigment development, respectively. The relative instability of cotyledon Chl-b has been reported earlier [45] . Chl-b was degraded at a higher rate than Chl-a in leaves exposed to NaCl, as a result of which the chlorophyll a/b ratio was increased, possibly because the first step in Chl-b degradation involves its conversion to Chl-a [17] . Carotenoids and xanthophylls serve as accessory lightharvesting pigments, transferring energy from solar emissions to chlorophylls and thus extending the range of light wavelengths for photosynthesis; they also function to protect chlorophylls from destructive photooxidation reactions and scavenge singlet oxygen [46] . The observed reduction of carotene content is in conformity with earlier report [47] . Although a strong correlation was observed between the decrease in the Chl-a and Chl-b content and NaCl concentration (Fig. 4A) , the relative stability of Chl-a content at low NaCl concentration (up to 75 mmol L −1
) makes it an unsuitable candidate for salinity screening. In contrast, the dose-dependent hypersensitivity to increasing salt concentration could make Chl-b along with accessory pigments (carotenoids and xanthophylls) a suitable choice.
In the initial phase, soil salinity exerts its damaging effect by perturbation of osmotic homeostasis followed by ion toxicity. Under salt stress-induced oxidative stress, plants undergo membrane lipid peroxidation, resulting in an increase in MDA content, which could signal the activation of an antioxidant defense system. In our study, we observed a gradual increase in MDA content up to 125-150 mmol L −1 NaCl, followed by a decline. It is possible that in the early period of stress, plants perceive stress-induced damage but then modulate their defense in the form of an antioxidant system and osmolyte synthesis to adapt to it. It has also been proposed that plants can activate ascorbic acid for protection in the initial periods of stress before the expression of antioxidant enzymes to clear some of the active oxygen and reduce damage, which can also lower the contents of MDA [48] . Compatible solutes, which include amino acids, glycerol, sugars, and other low molecular weight metabolites, serve to re-establish osmotic homeostasis by increasing water potential in response to osmotic stresses. In the present study, progressive accumulation of proline content in the seeds with increasing salt concentration was observed at 48 h and later. No significant increase in proline content was observed after 24 h of stress treatment whereas after 72 h of stress imposition, the maximum proline accumulation was observed for 150 mmol L − 1 NaCl. The presence of a lag phase for proline accumulation under salinity was also reported at germination [49] and early seedling growth [50] . Glycinebetaine accumulation in germinating seeds showed a transient increasing trend at 48 h and only for high salt stress (125-150 mmol L −1 NaCl),
followed by higher accumulation at 72 h. A similar trend was noted for total sugar content, which showed intermediate correlation in germination stage (24 h), minimum correlation at establishment phase (48 h) and maximum but limited correlation in the stress adaptation phase (72 h).
Carbohydrate metabolism plays an important role in seed germination by regulating of sugar flux for germination, respiration, and related process, particularly in salt stress [51] . Germinated seeds and growing seedlings appear to be the stages most vulnerable to soluble sugar fluctuations [52] . The mobilization of seed storage reserve (starch) is a prerequisite for radicle emergence during early germination. Our results also showed that up to 150 mmol L −1
, a rapid increase in soluble sugars facilitated radicle emergence, whereas under very high salt concentrations (above 150 mmol L −1
) delayed germination was due to lower mobilization of sugars. Given that seedling growth and establishment requires synthesis of new compounds, consuming ATP [53] , the decrease in total soluble sugar content at 48 h relative to 24 h may be due to rapid channeling of the sugars for ATP generation through respiration. Soluble sugars also seem to play an important role in osmotic regulation in seedlings, particularly at later stages of seedling establishment [54] , as evident from our results, where a linear increase in soluble sugars was observed up to 125 mmol L −1 NaCl at 72 h. A large accumulation of soluble sugar as a consequence of salt stress may partially explain the mildly tolerant behavior of Brassica towards salt stress. Glycinebetaine is considered an effective compatible solute that accumulates in the chloroplast of plants exposed to environmental stresses [55] . The maximum accumulation of glycinebetaine at 72 h, can be attributed to the chloroplast development in the developing seedling. Our results suggest that osmolyte accumulation is a valuable parameter for screening the plant responses towards salinity stress only after functional tissue differentiation, 48 h and later, in Brassica. Salt stress imposes an ionic imbalance by elevating Na + at the expense of K + and Ca 2+ depletion [1, 56] . Na + and K + can be used as a screening tool under saline regimes [57, 58] . In the present investigation, all the tested salt concentrations resulted in an increase in Na + and reduction in K + content in seedlings.
In the present study, the possible role of mitochondrial respiration as a stress marker was investigated, as it had the potential of reducing the time frame needed to determine maximum tolerable limits of salt stress. A consistent increase in respiration via AOX was observed up to 125 mmol L −1 , suggesting its protecting role in germination under salt stress. The ratio AOX/COX (Fig. 4B ) cannot be used for the same purpose, given that under low salt concentrations (50 and 75 mmol L −1 NaCl), the COX pathway becomes activated, in turn lowering the ratio. Comparative respiration analysis of AOX activity under different salt concentrations may facilitate the understanding of salt-responsive behavior of Brassica even before physiological completion of germination, at radicle emergence. Respiration by alternative oxidase (AOX) can limit the excessive generation of reactive free radicals and maintain redox balance in plant cells. In another study, the absence of the gene encoding AOX (AOX-1a) resulted in acute sensitivity to drought stress in Arabidopsis [59] . Our result confirmed this finding as the decrease in respiration by the AOX pathway at the physiological water limitation stage correlates well with that of salt sensitivity. Clifton et al. [60] reported a rapid response in the form of transcriptional activation of AOX gene in contrast to COX, which remained unchanged under salinity stress. Vassileva et al. [61] . observed decreased respiration by COX under drought conditions, whereas AOX pathway respiration increased relative to that in well-watered plants in three varieties of winter wheat (Triticum aestivum L.). Similarly, the AOX pathway in soybean leaves is upregulated under water stress, whereas a corresponding decrease is observed in the activity of the COX pathway [62] . The result of the present study showed the active involvement of mitochondrial AOX respiration in maintaining salt tolerance in imbibed seeds. The transcriptional activation of effector genes is considered as the very first event occurring under salt treatment. The result of the present study showed the stage-specific activation of AAO-3 transcript, responsible for ABA synthesis, expressed as increased transcriptional activation under the salt treatments 175 mmol L −1 NaCl and above (24 h), 100 mmol L −1 NaCl and above (48 h), and 125 and 150 mmol L −1 (72 h). A delay in germination in the germination phase [63] and stress adaptation in the post-germination phase with endogenous ABA levels has been reported [21] . Tissue differentiation and seedling establishment were more sensitive to salt stress than was germination completion. The increased expression of AAO-3 can be attributed to increased ABA content, which acts as a potent inhibitor of germination [64] . Abscisic acid (ABA) is a vital cellular signal that mediates the expression of several salt and water deficitresponsive genes [65] and acts as a negative modulator of seedling growth by inhibiting the growth-promoting hormone gibberellic acid [66] . The results of our study suggested that increased AAO3 expression in turn inhibits seed germination at 24 h and can affect shoot growth in 48-h and 72-h germinated seedlings. The stage-specific expression of NHX can be explained on the basis of its tonoplastic localization in plant cells. As the number and size of the vacuoles increase, so does the capacity to accumulate ions increase. A linear increasing trend in the later phase (72 h) can be correlated with that of stress impact in plant physiology as 150 mM NaCl onwards there was a further decrease. Although several studies [59, 60, 21] have established the role of NHX and AAO-3 under abiotic stress management, the reliability of the transcript profiling (NHX and AAO-3) came only after tissue differentiation. Despite the natural variation in HKT gene alleles associated with salinity stress tolerance in Arabidopsis and wheat [67] , the results of the present study showed the least involvement of HKT in predicting salt response in germinating seedlings as compared to other genes of the salinity stress responses like NHX and AAO-3. Based on GI and FW, the LD 50 for salt tolerance (the maximum tolerable concentration of NaCl) for B. juncea cv. Pusa Bold was calculated as 150 mmol L −1
. All the other studied parameters were also in agreement in establishing maximum salt tolerance as 150 mmol L −1
. Except for seed germination index, all the other established parameters (shoot length, seed vigor index, seedling FW, osmolyte accumulation, photosynthetic pigment development, K + /Na + ratio) were found to require at least 72 h to yield valuable information about plant behavior under salinity stress. A similar trend was obtained by assessing the relative contribution of respiration via the alternative oxidase pathway under salinity well before actual germination, i.e., within 18 h. Taken together, our results suggest the categorization of the biochemical and physiological parameters into various phases of seed germination and seedling establishment in B. juncea under salt stress. A comparative diagrammatic representation of the all assessed parameters is presented in Fig. 5 , corresponding well with stress magnitude and various physiological phases of early seedling development. At the radicle emergence stage (24 h), the salt response of the seedlings could be predicted by change in total soluble sugar and AAO-3 expression profile, whereas for the seedling establishment phase (48 h), proline accumulation was found to be the major determinant along with NHX and AAO-3 expression, and the salt response of Brassica in the stress adaptation phase (72 h) may be correctly assessed on the basis of various physiological (SVI, FW, rate of cotyledonary leaf emergence) and biochemical parameters (K + /Na + , FW per seedling, chlorophyll content). The comparative assessment of most physiological and biochemical parameters under salinity establish tissue differentiation as a prerequisite for the study. The results of our study also showed the possibility of using respiration by AOX in germinating seed as an indicator of salinity stress response. The AOX-mediated salt response prediction could be achieved even before radicle emergence and may thus be considered the earliest possible indicator for salt tolerance.
Conclusions
This study has given a comparative accounting of various physiological, biochemical, and molecular markers under salinity stress with the ultimate goal of finding stress-specific responses in the least possible time. Whereas all other reported approaches have failed to explain seedling response at a very early stage, mitochondrial respiration via the AOX pathway appears to be adequate and reliable for predicting the salt tolerance of B. juncea seeds.
